Abstract. The surface temperature of PV panel has an adverse impact on its performance. The several electrical parameters of PV panel, such as open circuit voltage, short circuit current, power output and fill factor depends on the surface temperature of PV panel. In the present study, an experimental work was carried out to investigate the influence of PV panel surface temperature on its electrical parameters. The results obtained from this experimental study show a significant reduction in the performance of PV panel with an increase in panel surface temperature. A 5W PV panel experienced a 0.4% decrease in open circuit voltage for every 1ºC increase in panel surface temperature. Similarly, there was 0.6% and 0.32% decrease in maximum power output and in fill factor, respectively, for every 1ºC increase in panel surface temperature. On the other hand, the short circuit current increases with the increase in surface temperature at the rate of 0.09%/ºC.
Introduction
The use of energy plays a very vital role in one's life. Thus, it's supply and generation should be secure and sustainable. At the same time, it should be environmentally friendly, socially and economically acceptable. The present scenario of energy generations is neither secure nor sustainable and depends on fossil fuels, nuclear and renewable energy sources. Among these, the renewable energy could be considered as a source of secure and sustainable energy source [1] . There are different types of renewable energy sources, such as hydro, geothermal, biomass, wind and solar. Among all available renewable energy sources, solar energy experienced a rapid growth and popularity in the last one decade. Therefore, solar energy is the most promising and vital energy source to produce electricity in a present scenario [2] [3] [4] .
In solar energy, photovoltaic (PV) panel is a device that converts sun radiation (solar energy) into electrical energy with the help of photovoltaic effect [5] . Photovoltaic effect is a process in which PV panel generates electric power, when it is exposed to sunlight. Sun light consists of the bundle photons, which are simply absorbed by a PV panel and when a suitable wavelength of photon incident on the panel surface, the energy of the photon is transferred to the electron of the PV material. This causes the electron to move towards a higher energy state (i.e. conduction band) from a lower energy state (i.e. valence band). This movement of electron is the main cause of generation of an electric current in the PV device [6] [7] [8] .
The performance of PV panel is highly depended on the environmental parameters, such as solar radiation, wind speed, humidity, dust and atmospheric temperature. The panel surface temperature is a key environmental parameters that influence the performance of PV panel by changing its electrical parameters, such as open circuit voltage (VOC), short circuit current (ISC), maximum power output (PM) and fill factor (FF) [9] [10] .
In general, PV panels are made of silicon semiconductor material and like all semiconductor material, PV panels are also temperature sensitive. Hence, temperature of PV panel is an important environmental parameter, which affects its performance. The panel surface temperature depends on the encapsulating material, solar radiation, atmospheric temperature, humidity and wind speed [11] . As the temperature of PV panel increases its VOC, PM and FF decreases. Moreover, the ISC of PV panel experiences a very small increments with the rise in its surface temperature. As a result of this, the overall performance of PV panel reduces due to increase in its surface temperature [12] . The rise in panel temperature for c-Si PV panel decreases its VOC at the rate of -0.45%/K [13] . Similarly, the decrease in power output and fill factor of the PV panel to increase in panel surface temperature are at the rate of -0.65%/K and -0.2%/K, respectively [14] . A study has shown that the 9% increments in panel efficiency due to 20% reduction in the panel surface temperature [15] . Similarly, one more study reported that with the 22ºC reduction in the panel surface temperature, its power output experienced a gain of 10.3% [16] . The available literature shows that the surface temperature of PV panel is a vital parameter that affect its performance. Therefore, in this paper, an attempt was made to understand the influence of surface temperature on PV panel performance.
Experimental set-up and methodology
A 5W polycrystalline PV panel was used to carry out the present investigation. The detail technical specifications of PV panel considered are given in Table 1 . The PV panel was mounted on the flat frame with zero inclination and subjected to a constant solar radiation of 1182W/m 2 . This range of solar radiation was generated by using a set of solar simulators and measured by TM-207 solar power meter. The experimental setup used in this study is presented in Figure 1 . The PV panel was connected to a variable rheostat of 320Ω rating through the ammeter (connected in series) and a voltmeter (connected in parallel). A Digital Multimeter Fluke 178+ and DT830B were used as a voltmeter and ammeter in the circuit, which is given in Figure 2 . To increase the surface temperature of PV panel a set of infrared dryer bulbs were used and a digital pyrometer was also used to measure the panel temperature of PV panel. The panel temperature was increased from 35ºC to 65ºC and the readings of electrical parameters (i.e. current and voltage) were taken at every increase of 10ºC of panel surface temperature. Based on the obtained reading the other electrical parameters of PV panel, such as power output and fill factor were calculated. The equation used for calculating the fill factor (FF) of PV panel is given in equation 1. 
Error analyses
The uncertainty in the measurement may be taken as the possible error of the experimental data. The uncertainty in the measurements may arise from the various experimental errors, such as instrumental error, calibration error, observation error and human error. The uncertainty in the measured values can be explained by the error analysis [17] . Consider, a set of measurements, such as x1, x2, x3…….xn, during N number of trials. Suppose, the possible error E1, E2, E3……..En are introduced in measured results. Then, the possible error in the measured result is given by equation (2) . The measured error in the various measurements like, open circuit voltage, maximum power output and fill factor is given in Table 2 
Results and Discussions
The recorded electrical parameters of PV panel, such as VOC, ISC, PM and FF under varying panel surface temperature are given in Table 3 . Based on the recorded electrical parameters the current (I)-voltage (V) and power (P)-voltage (V) characteristics of PV panel are plotted at four different surface temperatures (i.e., 35ºC, 45ºC, 55ºC and 65ºC), which are shown in Figure 3 and Figure 4 . As depicted in Figure 3 and Figure 4 , surface temperature of PV panel has a significant impact on its I-V and P-V characteristic. The current is almost same in lower voltage range but as the voltage increases a fast reduction in the current is observed for the all four defined surface temperature conditions. As presented in Figure 3 the deformation in the I-V characteristic gets increases with the panel surface temperature. There is a significant reduction in the VOC of the PV panel with increases in the panel surface temperature, whereas a very small increment in ISC is observed. Due to this significant reduction in VOC the other electrical parameters (i.e., maximum power output and fill factor) of PV panel also reduces. Therefore, the overall performance of PV panel reduces with the rise in its surface temperature. Moreover, as presented in Figure 4 the maximum power point (MPP) in the PV curve moves towards the lower output voltage with the increase in panel surface temperature. Due to this, the maximum power point tracker algorithm would not be able to operate at a particular maximum power point, which reduces the performance of solar charge controller. Hence, the shifting of MPP in the PV curve directly affects the effective operation of the whole PV systems (i.e., PV panel and charge controller). As indicated in Table 3 , the reduction in VOC is 12.16% with the increase in panel surface temperature from 35ºC to 65ºC. Similarly, the reduction in PM and FF are 18.18% and 9.60%, respectively, due to increase in panel surface temperature. The PM and FF are found to decrease with increase in panel surface temperature due to change in respective current and voltage. The reduction in PM and FF with the increase in panel surface temperature are presented in Figure 5 and Figure 6 . The maximum power output and fill factor of PV panel decreases linearly with the increase in panel surface temperature. From the Table 2 , the temperature coefficient for VOC, ISC, PM and FF are calculated with the help of Equations (3), (4), (5) 
Conclusions
The performance of PV panel depends on the temperature at which the panel is operating. In this study, the performance analysis of PV panel was evaluated under its varying surface temperature condition. The performance of PV panel was calculated in terms of its electrical parameters, such as VOC, ISC, PM and FF. The results showed that the PM and FF of PV panel have a negative linear relation with the panel surface temperature. According to obtained results, the reduction in VOC, PM and FF are respectively 12.16%, 18.18% and 9.60% of the increase in panel surface temperature from 35ºC to 65ºC (i.e. 30ºC increase in panel surface temperature). On the other hand, short circuit current of PV panel experiences very slight increments of 2.7% with the 30 ºC increase in panel surface temperature. Over and above, this study also demonstrates that the maximum power point (MPP) in the P-V curve moves towards the lower output voltage as the surface temperature of PV panel increases. This movement of MPP disturbs the operation of solar charge controller, which reduces the overall performance of whole PV systems. 
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